A Comparison of PAN and#®s produced from Poultry, Swine and
Cattle Operationsin North Carolina

Introduction

The basinwide planning program withie@artment of Environmentat dzl { Rivisi®rcb&Water
Resource$DEQ DWR$ charged with identifying and providing recommendations for improving water
guality based on the cumulative impacts of all activities across a river (ia$8143-215.8B. Point and
nonpoint sources opollution are to equitably share responsibility in reducing pollutidowever, little
information has beemsynthesized regardintpe amountand fateof nutrients producedy different
animal operationsNutrients produced by animaldg not effectively ulizedby vegetationcan enter our
surface water systems by atmospheric deposition, groundwater or direct runoff to surface waters.
Depending on the surface water systemxcessive nutrientsanlead to drinking water or aquatic life
impairments

In 1992 the Environmental Management Commission adopted a rule modification (15A NCAC 2H.0217),
establishing procedures for managing and reusing animal wastes from intensive livestock operations
(updated 2T.1300 Section effective September 1, 20D6¢ rule aplies to new, expanding or existing
feedlots with animal waste management systems designed to serve animal populations of at least the
following sizes: 100 head of cattle, 75 horses, 250 swine, 1,000 sheep or 30,000 birds (chickens and
turkeys) with a ligud waste system. Currently, DEQ has regulatory authority over waste management of
swine and cattle feedlots that use dry or liquid manure systems and poultry feedlots using liquid waste
management systemdhese permitted facilities are inspected on an aahbasis by DWR tine NC
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Most poultry operations, however, produce a dry litter wattat typically fals under the deemed

permitted category(NCAC 2T.1303oultry operations in this categoigre only inspectea@s resultof
complaints

The location oswineand cattleanimalfeedingoperations AFG) are known becausestate or NPDES
permit is requiredHowever, he locations of dry littepoultry operations and the disposal of their waste
are not known to environmental regulators, making it difficultftom a complete picture of possible
non-point source contributions within a specific watersh&howing what nutrient sources exist in the
watershed can help water quality managers better understand available water quality date and
formulate appropriatedecisions andegulatory recommendations.

Objective

In 2015 DWRGroundwater Planning staiisued a reporentitled A Summary of Land Applied
Nutrients from Livestock Waste in North Carofiméhich estimatedthe amount of nutrients applied to
land fromDWR permittedswine and wepoultry operationgNDWR, 2015)The report focused on
liquid wase from anaerobic lagoons to determine the spatial distribution of phosphorus and nitrogen
applied to fields It alsocompared those values to other known quantities of land apphetlients(e.g,
wastewater treatment residuals, synthetic fertilizgpplications, residential subsurface-site septic
systems). The report estimated that over 30.8 million pouftiolsof total nitrogen(TN)and over 11.9
million Ib of phosphorus (i) are applied annually through DWR permitted animal operations uglizin
an anaerobic lagoon and spray field system. It was determined during the study that le€¥4bathe
poultry population and less than %of cattle operations in the state utilize an anaerobic lagoon and
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spray field systemprompting an interest in th development of data on the management of waste
nutrients from the vast majority of poultry and cattle in the state

Theobjective of thigprojectwasto estimatethe amountof nutrients generated byanimal operations
that were not accounted for in thBWR 2015 report and tevaluate thespatial distribution of dry
poultry litter operations.The spatial distribution of animal operation types aethtive magnitude of
plant available nitrogen (PAN) aReOs produced bydry litter poultry operationsversuspermitted

swine and cattle operationsere compared.Thisreport focuses on the poultry population in the state
andpercentchanges irPANand P.Os produced in each river basin betwe&892, 20002006 and 2014.

Data Sources and Methodology

Poultry anim& LJ2 LJdzf  GA2Y ydzYoSNE 6SNBE NBIENARSOSR FTNRY
National Agriculture Statistics Service Quick Stats guétry.//quickstats.nass.usda.qgov/Title 7 of the

US Code of Fedemkgulations prevents disclosure of information about specific operations of an
individual farm and, therefore, information that can lakentified to a specific farm in a county is

withheld from compilation inthe national griculturalstatistics dataCountieswith information

withheld include those with operationthat produce greater than 60% of the total production for that
county or those counties which hatteree or less operationsThe USDA collectively summarizes the
county withheld dataintothé h § KSNJ / 2dzy 6 A S&8¢ OF 4§S32NBEd® C2NJ SEI YLX
County is permitted to house 4.75 million chickens; however, no aiegtavailable in the Agriculture

Statistics data for that county, but the daa@ae O | LJG dzZNB R Ay (i Kcategori. § KSNJ / 2dzy i A S

0 K ¢

Tablel lists thequery parameter used to extract data from tielick Sats database

Tablel. Quick Stats Query Parameters

Query Parametery Chicken Broilers Chicken Layers Turkeys
Program: Survey Survey Survey
Sector: Animals & Products | Animals & Products Animals & Products
Group: Poultry Poultry Poultry
Commodity: Chickens Chickens Turkeys
Category: Production Inventory Production
Data Item: Chickens, Broilets | wm dcdn = H nChickerss H n| TurkeysProduction,
Production, (ExcBroilers}Inventory Measured in Head
Measured in Head | wH n MChicken, Layersnventory
+ ChickensPullets, Replacement
Inventory
Domain: Total Total Total
Geographic Level: | County County County
Year: 2006, 2014 1994, 2000, 2006, 2014 2006,2014
¢KS alFyYS LI NIYXYSGSNE 6SNB dzaSR G2 [[dzSNE altf OKAO]

to estimate chicken layer numbers for 1992, 2000, and 2B0@ever, this query includes pullet and
rooster numbers that were not included 2014 data. The 2014 datdid not include estimates for
rooster inventory. Data for broilers and turkeys for 1992 and 2000 were only published in the North
Carolina Statistical Bulletin.

Swine anctattle6 6 SSF¥ | YR RIFANEBUO ydzYo SNE Ba&NEryibddetnfitt€dR F NB Y
animal operations to include permits issued through 2@h8 their allowable animal counf\n existing
2006 BIMS querywas used tayenerate swine and catti2006 manure numbers.


http://quickstats.nass.usda.gov/

Manure production for animal types (poultry, cattad swine)wasderived from NC Sate UniversityQ a
Nutrient Management guidance found on their websitétp://nutrients.soil.ncsu.edu/ Thiswasthe
same methodused y 52 wQ3&a exoeptfor thBitii®MNGi a plant availability coefficient. The
following formula was used to calculate total plant available nutrients:
Total Plant Available Nutrients = (# of Animals/ YeafyasteWeight or Volume/Aimal) x
(TotalNutrients/WasteWeight or Volume) XAvailability Coefficient

Examples of the calculations and assumptions made for each of the different type of livestock are
available in Appendix A.

The different types of animals were grouped by poultry (abtdilers, layersandturkeys, cattle (daiy

calves, heifers and cows, abdefstockers, feeders and broods) and swine (farrow to feeder, farrow to

finish, farrow to wean, feeder to finish, wean to feedendwean to finish). The nutrients were then

summed for each of these groups by county.fee@unty was then assigned a river basin; no county was
assigned to more than one river basin even though counties may be in multiple basins (Table 21 Figure
shows river basins and the counties that were used to summarize total manure production fmadime

t 2dzf GNE ydzYoSNE GKIFG ¢SNB FaaAadySR (2 ahiGKSNI / 2dzy
a river basin, but the amounts were userthe statewide totalsA geographic information system (ESRI

ArcGl$was used to show the spatial digtation of total animal numbers, PAN angd®by river basin

and by county.

Table2. River Basins and Corresponding Counties

River Basin Counties

Tar Pamlico Granville, Vance, Franklin, Warren, Nash, Halifax, Edgecombe, Pitt, Beaufort, Hyde

Neuse Orange, Durham, Wake, Johnston, Wilson, Wayne, Greene, Lenoir, Craven, Jones,

Cape Fear Alamance, Bladen, Chatham, Cumberland, Duplin, Guilford, Harnett, Hoke, Lee, Mo
New Hanover, Pender, Randolph, Sampson

YadkinPeeDee Wilkes, Surry, Yadkifrorsyth, Davie, Davidson, Iredell, Rowan, Cabarrus, Stanly,
Montgomery, Richmond, Anson, Union

Catawba Alexander, Catawba, Caldwell, Gaston, Lincoln, Mecklenburg, Burke, McDowell, Ave

Roanoke Stokes, Rockingham, Caswell, Person, Bertie, Martin

White Oak Onslow, Carteret

Lumber Robeson, Columbus, Brunswick, Scotland

New Ashe, Alleghany

French Broad Buncombe, Haywood, Henderson, Madison, Mitchell, Transylvania, Yancey

Broad Cleveland, Polk, Rutherford

Chowan Chowan, Hertford, Northampton, Gates

Pasquotank Currituck, Camden, Pasquotank, Perquimans, Washington, Tyrrell, Dare

Little Tennessee | Graham, Swain, Jackson, Macon

Hiwassee Cherokee, Clay

Watauga Watauga

Note: Not all NC river basins and counties have animal operations or have inforrrattazan be disclosed.
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Figurel: North Carolina Counties and River Basins

Results Summary

In terms of stock numbers, thgreates number of birds were found in Dupliblnion, Sampson and
Wilkescountiesleading to the YadkiPeeDee and the Cape Fedver basinsproducing the most
poultry nutrients. Swinein Duplin and Sampsamwuntiesin the Cape Fear River Basin prodiittee most
swine nutrients statewideCattlein Iredell and Randolph in the YadkifeeDeeand Cape Feaiver
basirs accouned for the majority of cattleproduced nutrients statewiddn terms of changes in stock
over time, estimates of statewide shifts between 2006 and 2014/15 indicatealverall7%decreasen
PAN anda 6%decrease iP.0s produced by pouty, swine anccattle. Comparing nutrient production
across animal types, poultgperations produced the greatest amowuf PAN and #s with 56.6
million PANIb and 79.8million BOs Ib, produced in 2014Additional maps and summaries by animal
type arefoundin AppendixB, CandD.

Statewide Poultry Populatiorand Densities _ .

The higheshumbers2 ¥ LJ2 dzf G NB & A y O§ able 3 BasinPoultry Density S8y
in the YadkirPee Dee and Cape Fdxasins The YadkifPee River Basin 2UL: Dy
DeeBasinhad the highespoultry population withbird (e e RS T o)

. . A ’ YadkinPee Dee 13.2
inventories over & million inUnionCountyandover 11 Cape Fear 99
million inWilkesCounty in 2014(Figure 2) The Cape Fear  chowan 72
Basinhad the second highest poultry population in 2014  catawba 6.8
with Duplin and Sampson countibavingover 15 andl1 Lumber 6.0
million birds respectivelyEvaluating poultry ambers by Broad 5.7
basin acreage indicates théadkinPee Dee and Cape Fear Roanoke 3.3
basinsalso have the highest bird densiti€gable 3)At the Neuse 2.5
county level, Alexander, and Uniand Duplincounties White Oak 1.9
have the highest bird dens#ts(Table10 Appx B). Tar-Pamlico 1.7

Pasquotank 1.0



2014 Poultry Inventory County Estimates

\ No Data 1,055,000 - 4,990,600
| 1,100- 10,040 I 5,190,000 - 9,755,900
[ 154,800 - 942,200 [ 11,255,000 - 15,790,000

Figure2: 2014Poultry Inventory 2014 with River Basins

Poultry hanges by River Basimetween 1992, 2000, 2006 and 2014

When evaluating growth of bird numbers by basin, the Broad, Lumber, Catawba and White Oak all had
large increases in bird inventories between 2006 2014(Table4). The Lumber and Broad river basins
each increased in poultry inventory since 1992 by over 300%; the Lumber poultry inventory increased by
over 10 million birds since 199%/hen comparing poultry inventory betwed®92and 2014the
YadkinPeeDeeBasinsaw a B%increaseand the Cape Feaawa 9% increasin birds. However, the

type of poultry and manure management determg#itbe amount ofnutrients PAN and #s) produced.

Even with a increasen poultry numbersthe YadkirPeeDeeBasinhadno changein PAN and 5%

decrease in BOs, due to theincrease in the number of broilers attayersand a decrease in turkeyo©m

1992to 2014(Table5). The only basswith both a loss in poultry numbers and nutrients betwekdd2

and 2014 vere the Neuse TarPamlico and Pasquotafiasirs.

Table4: Basin Poultry Change in Inventory

Poultry Inventory Percent Inventory Changé ©b)
River Basin 1992 2000 2006 2014 19922014 20002014 20062014

YadkinPeeDee @ 52,364,000 64,744,000 73,372,000 60,793,600 16 -6 -17
Cape Fear 52,975,000 54,445,000 56,208,000 57,906,600 9 6 3
Catawba 7,458,000 8,028,000 8,040,000 14,283,800 92 78 78
Lumber 2,604,000 4,540,000 6,628,000 12,829,700 393 183 94
Neuse 10,146,400 11,485,000 11,974,700 9,631,500 -5 -16 -20
Roanoke 5,180,000 5,000,000 6,225,000 7,465,000 44 49 20
TarPamlico 9,375,400 8,240,000 7,536,000 6,601,301 -30 -20 -12
Chowan 4,540,000 5,460,000 5,680,000 6,020,000 33 10 6
Broad 1,270,000 1,850,000 2,340,000 5,475,400 331 196 134
Pasquotank 2,380,000 2,280,000 1,680,000 2,100,000 -12 -8 25
White Oak 1,122,000 1,060,000 1,064,000 1,681,300 50 59 58
Other 2,677,000 1,607,000 2,633,300 6,587,600 146 310 150

12014 data does not includ®osterinventory.



Table5: Basin Poultry Change Mutrients Produced

PercentPAN Changék Ib) PercentP.0s Changek Ib)
River Basin 1992-2014 2000-2014 2006-2014 | 1992-2014  2000-2014 2006-2014

YadkinPeeDee 0 -4 -15 -5 -3 -14
Cape Fear -2 -4 -5 -6 -7 -8

Catawba 91 71 66 91 68 62
Lumber 273 153 84 237 142 80
Neuse -20 -17 -14 -22 -17 -12
Roanoke 63 69 20 73 80 20
TarPamlico -55 -37 -31 -61 -42 -37
Chowan 33 10 6 33 10 6

Broad 168 166 118 128 151 110
Pasquotank -12 -8 25 -12 -8 25
White Oak -5 -2 9 -12 -10 2

Other 139 298 172 138 296 179

Comparison of Poultry and Swirend/or Cattle Nutrient Production by Basin

In 2014, poultry operations producelree times morepounds ofPAN andixtimes more poundsof

P.Gs than swine operations anceighttimes morepounds ofPAN andiine timesmore poundsof P.Os

than cattle operationsln river basins with knownutrient sensitivity, poultry operations produced more
PAN and s than swine(Table6).

Table6: Nutrient Production Comparison

Poultry Poultry
Basin produced Poultry Swine produced Poultry Swine
X times as much  PAN PAN X times as much  PGs P05
PANthan Swine P,Os than Swine
Cape Fear 2X 16,873,187 9,574,482 3x 23,488,961 6,719,394
TarPamlico 1.5x 1,795,074 1,166,176 3x 2,459,403 816,405
Neuse 1x 3,520,717 3,309,586 2X 5,215,734 2,323,652
White Oak 2X 645,925 = 345,432 4x 963,207 243,471
Chowan 4x 1,377,906 349,883 4x 1,733,760 243,358
X times as much  Poultry Cattle X times as much  Poultry Cattle
PAN than Cattle PAN PAN P-0s than Cattle P05 P05
YadkinPee Dee 6x 17,499,432 3,106,075 6X 24,464,078 3,883,584



Total Manure ProductiorChanges by Basin, 2006 vs. 2014

Combining poultry, swine and cattle manure production for each river basin, the Broadyer and
Catawbaiver basinshad the highest increasa bothPAN and #s productionfrom 2006 to 2014/15,
which can be attributed to growing poultry populations in each of the bakinte river basins with
known nutient sensitivity, the Cape FeafadkinPeeDee Neuse,TarPamlicoand Chowarhave seen
decreases in animal nutrient production. Collectively animals in the Cape Fear piddbacaost
nutrients, at an estimated28,174,530db PAN an2,371,778b P.Os in 2014(Table?).

Table7: Total Animal Maure Change iMNutrients Producedetween 2006- 2014.

PANPercent P,Os Percent
River Basin PAN(Ib) PAN(b)  Change 2006 P,Os (Ib) P.Os (Ib).  Change 2006
2006 2014 -2014/15 2006 2014 -2014/15
(k%) (k%)
Broad 807,222 1,372,957 70 1,050,113 1,757,966 67
Catawba 4,206,106 5,013,378 19 5,767,631 6,990,469 21
Chowan 1,927,105 1,728,647 -10 2,083,450 1,978,213 5
Cape Fear 30,181,069 28,174,530 7 35,286,880 32,371,778 8
French Broad 940,107 355,754 -62 1,173,453 450,428 62
Lumber 3,583,363 4,360,776 22 3,618,961 4,727,819 31
Neuse 8,443,449 6,967,105 17 9,306,720 7,710,389 17
New 417,407 193,781 54 521,329 243,288 53
Pasquotank 924,797 654,891 -29 862,133 727,757 16
Roanoke 2,215,000 2,177,539 2 2,778,971 2,829,675 2
TarPamlico 4,881,659 3,087,566 -37 5,765,663 3,434,644 -40
White Oak 970,860 991,357 2 1,217,610 1,206,678 1
gigkmpee 25,312,857 20,912,523 17 34,080,611 28,562,525 16

Specific County and BaskResultsMaps and Tables
The mapsand tables provided in AppendixsBow the poultry numbers by county and river basind

the estimated available nutrients produced based on agriculture statistics availadlegar 2000, 2006

and 2014 Cattle and swine numberovided in Appendices C and D, respectivalg,based ompermits

on record with DWR for 2006 and 2015 and show estimated available nutrients produced by county and
river basin.



Discussion

Fgure3was produced in 2015 ke N.C Department of Agriculture and Consumer Services in
preparation formanagement of a potential avian influenaatbreak The map shows approximate
locations of individual poultry farmend also shows farms that are not reported in the agriculture
census datal'he densiesof farmsshownin the YadkifPeeDee and Cape Feraver basinsare
consistent with the spatial distribution of thegriculturecensusderivedpoultry maps provided in
AppendixB.

North Carolina Rendering Plants, Landfills
and Commercial Poultry Farms

Legend
® NC Rendering Plants

——— Major Interstates
@ MSW Landfills

¢ Commercial Poultry Farms Steve Trosder,
Commissioner
. Sharron Stewart,
0 15 30 60 90 120 Director of Emergency Programs

—-_—— Miles

Figure3: NCDA&CS Poultry Map

Identification of information from individual farm operators is protected by NC G.S2406ar Title 7

of the US Code prevents disclosure of information regarding individual farm operations in development
of the AgricultureCensus farm information is not disclosed when a county has three or less specific
operations or those with operatiornthiat produce greater than 60% of the total production. Although

this system provides security for individual farm operations it also limits the ability to accurately
guantify animal numberslhe combination bthe lack of permitting datandthe agricultural satistics

privacy lawsdds significant uncertainty to assessment of the loading contribution of poultry to the

ad S QampdidaiivwderBogdiésSince dry litter poultry operations are deemed permitted and
inspections are conducted only after reportedmplaints, the maps provided in Appendix B provide the
best information DWR has in regards to poultry nutrient production.

Manure managemenby AFG is under increasing scrutiag theapplication of waste hasaisedboth
human and environmental healttoncerns, while alsprovingto be a valuable fertilizer source. As
animal agriculture has shifted to large confined feeding facilitre@nure management haacreasingly
resultedin manure that is stored in lagoons, stockpiled, or composted. Using mahagronomic rates
requires suitable and available land for its application. North Carddiniked number one nationally for
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tons of manure generated per farmland acre (EPA, 2013). Dueima farm moratorium put in place

in 1997 and a new law passed in 2007 prohibiting the construction ofsmeémefarms that usevaste

lagoons and spray fields as the primary method of waste management (SB 1465), nutrient contributions
from swine operations hae remained fairly constant over the last several years. Howevesttis in

both location and the type of poultydustry in NC ipotentially addingo the current nutrient loading

from nonpoint sources. This adds to the concemmer environmental inpacts of manure application on
alimited land base.

Cattle and swine manure sludge are generally applied to fields relatively close to its generation, while
dry poultry litteris potentiallytransported mucHarther for use as fertilizetn accordancevith 15A

NCAC 02T.1400, haulers that move and land apply over 100 tons of animal waste peustsahbmit

an annual report to DWRowever, DWRgenerallydoes not have the capacity to review and investigate
the management and distribution of dry poultifter. This rule also does not address litter land applied
by the poultry operation itself nor does it apply to haulers that transport the litter for otherlaod
applications, such as biogas energy generation2012 the Environmental Defense Fuedamined

b2 NI K / madiehdulgridadss compliance, and hauling locations from 22061. The primary
conclusions of thistudywere that only a small portion of poultry litter dataasreported to DWR and
much of that datavasincomplete compared tohe estimated amount of litter produced in NC. Based

on limited data the review suggested that poultry littavasmost commonly hauled and applied within
the same countyhereit wasproduced. The report also noted that very little information was provided
to DWR for Sampson and Duplin counties which are leading poultry production counties. (EDF, 2012).

It is assumed that manure spread on land at agronomic rates is efficiently utilized by plengsmount
of nutrients not utilized is difficult tguantify given the application afnregulatedanimal wasteand
limited air and water ambient data collecte@inimal waste not utilized by plants can be volatilized and
lost to the atmosphere, stored in the soils, or transported to surface water or aquifessirface runoff
or groundwater A US GeologicalQurveystudy of nutrient source shares and loads estimat8%o, 25%
and 16%percent of thenitrogen loadto the Cape Fear Estuarfyamlico Soundand Albemarle Sound,
respectivelycalculated by SPARROW moelgtimates of 2002 datas attributed to manure (Moorman
et al.,2014).

The amount and availability of nutrients stored in the subsurface soils and movement of nutrients from
the surface through the vadose zone to groundwater is not well documented iA Bi0dy of surface

water samples in &FOdominated land use watershed the Cape Fear River Basin showed no
difference between dry and rainy periods, indicating chronic polluiahby groundwateinstead of

acute stormwater runoff events (Malliet al.,2015).Another study found 85-yearnitrogen retention

time in heavil agricultural watersheds in the Midwest (Van Megtral.,2016). The lag time was

attributed to lost nitrogen as either nitrate in the vadose zone, organic nitrogen in the soils or lost to
groundwater aquifers (Van Metet al.,2016). This delay in nibgen being utilized or transferred to
surface waters complicates land use managemerthasesults ofimplementation of nitrogen reducing
activities may not beealizedfor years.

Nutrient data collected from DWR ambient stations in the coastal plain have shown an increase in
organic nitrogen whil@mmonia nitrogen anditrate-nitrite have declined. These trends are described
in the 2015 TaPamlico an®009 Neuse River Basin Plamigp://deq.nc.gov/about/divisions/water
resources/planning/basiplanning A recent study in the Neuse River Basin focused on identifying
sources of dissolved orgamitroger{DON) poultry waste was detected as a dominant source, while
swine sources were not detected as contributors to the DON (f@sdt al.,2016) The study indicated
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street runoff and poultrywastewere the main anthropogenic sources with higher flonaiag to
increasedoads ofthesesourcegOsburnet al.,2016). Detection ofthe poultry fraction of DON
increased going downstream, which coincides with the increase in agricultural land useoastal
plain (Osburret al.,2016). The poultnsourced DON &he Ft. Barnwell sample location was
determined to be almost equivalent to the total point source l@debrganic nitrogenn the basin

(Oshurn et al.,2016)

Reduction in nitrogen load to our surface water
is challenging without accurately quantifying
atmospheric contributions to a watershed, and
eventually seeking appropriate management
measures on all significant emission sources.
Emissions fronconfinedanimal operations

f . 26.0
: " y ls.o

b (kg/ha)

Ammonium as NH,"

comprise the great majority of atmospheric 4.0

ammonia emissions (Aneg al.,1998).

Currently, these outputs are not directly 3.0

regulated. Howeveiin 2007, the NCegislature 20

enacted a law (SB 1465) requiring animal waste} '

systems that serve meand expanding swine : I 1.0

farms to meet or exceed five performance 0

standards. One of the standards requires such — ) —

FI NY & g 2 Gadzoadl }/ QA1 Figure4: Ammonium Wet Deposition 2012 RO

http://nadp.sws.uiuc.edu/maplib/ani/nh4 _dep_ani.pdf

SYA&aaAzy 2This regdlatidndaes ot
require reductions from existing operations, nor daeapply to other types oAF®, such as cattle and
poultry operations. Thuammoniaemissions from existingFG remain the largest unregulated source
of atmospheric nitrogen emissionghe US Environmental Protection Agen@stimates through 2030
that ammoniaemissions from poultry operationsill be thehighest when compared to other animal
operations (EP/A004).Figure4 shows the highest deposition of ammonium wittNiCcoincidingwith
the locations ofconcentrations oAFG (National Atmospheri®eposition Program/National Trends
Network, 2012.

A 2016 air quality study indicatedchange in the dominant source of nitrogen depositioith an

overall decline imitrate and nitrite (NOX emissions and an increase in ammonia emissioret @li,

2016). The studindicated that regulated reductions in fossil fuel combustioavereduced NOx

emissions, while increasing ammonia emissions from agricuitxreedthe impacts of emissions from
fossil fuel combustion on the nitrogen cycledt.al.,2016). The 2011 National Emission Inventdata

for NCindicated agriculture contributes over 95% of all ammonia emissions (EPA NEI 2011). However,
unlike NOx emissions, agricultural ammonia emissions are not regulated and historically there are
limited airquality sampling stations collecting ammonia data.

Knowing what the nutrient sources are and their application, storage and utilizationae@sportant

for managing nutrientsollectively on a basinwide scale. The spatial distribution of poultry, swine and
cattle operations anestimates ottheir generatednutrients help provide guidance on where
implementation efforts should be focused towaagdricultumal nutrient reduction.
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Appendix A:

The following are examples of the calculations for each of the different type of livestock so future
updates are compared using the same method.

Broiler Assumptions:

Total county production (total producégear)

Tons of litter produced total productiondivided by5 (5 cyclesyear)

Accumulated whole house manure clean et year= 7.2tons/1,000 bird capacity/year

Manure weights= 57.8lb of N'ton, 401b of R.Os/ton

Production system waste application coefficieNt= 0.55, P= 1.0

Note: The nutrient coefficient for Was averaged to 0.55 because production system waste application
management is unknown.

Example: PAN = SUM((animals#/5) * (7.2/1000) * 57.8 * 0.55)
P.0Os Ib = SUM((animals#/5) * (7.2/1000) * 40 * 1.0)

SUM((5,950,00@nimals/5cyclegyear)* (7.2tons/1000birds) * (57.8/ton * 0.55) = 272,371 PAN
SUM((5,950,00@nimals/5cycled year)* (7.2tons/1000birds) * (40lb/ton * 1.0) = 342,720b TP (ROs)

ChickensaaindPullets Layer Assumptions:

Total Inventory used because bird house numbers are constant.

Accumulated manure=24tons/1,000 bird capacity/year

Manure weights= 47.6lb of N'ton; 44.7 Ib of R.Os/ton

Production system waste application coefficieNt= 0.55, B= 1.0

Note: The nutrient coefficient for Was averaged to 0.55 because production system waste application
managementvas unknown.

Example: PAN = SUM((animals#/1) * (24/10008 47.6 * 0.55)
P,Os Ib = SUM((animals#/1) (24/1000) * 44.7 * 1.0)

SUM(875,000%(24/100)*47.6*0.55)= 549,780b PAN
SUM(875,000%(24/000)*44.7*1.0)= 938,700b TP (POs)

Turkey Assumptions:

2.5 flocks per year

Accumulated manure21 tons/1,00(ird capacity/year21= average of Hen (17) and Tom (25).
Manure weights= 54b of N'ton; 48.21b of P.Os/ton

Production system waste application coefficieNt= 0.55, B= 1.0

Note: The nutrient coefficient for Was averaged to 0.55 because productiosteyn waste application
managementvas unknown.

Example: PAN = SUM((animals#/2.5) * (21/1000) * 54 * 0.55)
P.Os Ib = SUM((animals#/2.5) * (21/1000) * 48.2 * 1.0)

SUM((3,5000,000/2.5)*(21/1000)*54*0.55)873,180b PAN
SUM((3,5000,000/2.5)*(21/1000)*48.2*1.6)1,417,080b TP (ROs)
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Swine Assumptions:

Note: The nutrient coefficient for Was averaged to 0.55 (average of irrigated fa¢thBb] and the
incorporated factof[0.6]) because production system waste applioatmanagementvasunknown.
Although, it is acknowledged that a majority of swine operations in NC apply their waste through spray
irrigation.

Example: PAN = SUM((animals#) * accumulated manure# * (N manure weight#/1000) * 0.55)
P.0Os Ib = SUM((animia#) * accumulated manure# * (P manure weight#/1000) * 1.0)

Farrow to Feeder

Accumulated manure 3,861 gallons/animal/yr

Manure weights= 3.6lb of N/1000 gallonsl.41b of POs /1000 gallons

Production system waste application coefficiem=0.55, P= 1.0

ExampleSUM(2000/1*3861*(3.6/100)*.55)= 15,290 PAN
SUM(2000/1*3861%(1.4/100)* 1.0)=10,811b TP (ROs)

Farrow to kish

Accumulated manure 10,478 gallons/animal/yr

Manure weights= 3.6lb of N/1000 gallonsl.41b of POs /1000 gdlons

Production system waste application coefficiem= 0.55, P= 1.0

Example SUM(200/11.0478(3.6/1000)*.55)=4,149PANIb
SUM(200/11.0478(1.4/1000)* 1.0)=2,934lb TP (ROs)

Farrow to Wean

Accumulated manure 3,203 gallons/animal/yr

Manureweights= 2.4lb of N/1000 gallons0.91b of POs/1000 gallons

Production system waste application coefficieNt= 0.55, P=1.0

Examp|ESUM22001* 3203¢(2.4/1000)*.55)=9,302PANIb
SUM@200/1*3203¢(0.91000)* 1.0)=6,342Ib TP (R0s)

Feeder toFinish

Accumulated manure= 927 gallons/animallyr

Manure weights= 3.6lb of N/1000 gallonsl.41b of P-Os/ 1000 gallons

Production system waste application coefficiemt = 0.55, B= 1.0

Example SuM(200/1*927+(3.6/1000)*.55)= 4,405PANIb
SUM(200/1*927%(1.4/1000)* 1.0)=3,115Ib TP (ROs)

Wean to Feeder

Accumulated manure 191 gallons/animallyr

Manure weights= 3.6lb of N/1000 gallonsl.41b of POs/1000 gallons

Production system waste application coefficieNt 0.55, P= 1.0

ExampleSUMQGOO/l*191*(3.6/1000)*.55)=983 PANIb
SUM(B00/1*191*(1.4/1000)* 1.0)=695Ib TP (POs)

Wean to Finish
Accumulated manure= 776 gallons/animall/yr
Manure weights= 3.6lb of N/'1000 gallonsl.41b of P-Os/1000 gallons
Production system waste appltoan coefficient N=0.55, P= 1.0
ExampleSuM(2691* 776+(3.6/1000)*.55) = 3,486PANIb

SUM(2691* 776%(1.4/1000)* 1.0)=2,465Ib TP (ROs)
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Cattle Assumptions
Example: PAMN = SUM((animals#) * accumulated manure# * (N manure weight#/1) * 0.5)
P.Os Ib = SUM((animals#) * accumulated manure# * (P manure weight#/1) * 1.0)

Dairy Calf

Accumulated manure= 4.1 tons/animal/yr

Manure weights= 11.2lb of N/'ton; 7.01b of P-Os/ton

Production system waste application coefficigNt 0.5, P= 1.0

Examplesumgo0+4.1%(11.21)*.5) = 6,888PANIb
SUMB00*4.1%(7/1)* 1.0) =8,610Ib TP (BOs)

Dairy Heifer

Accumulated manure 12 tons/animallyr

Manure weights= 11.2lb of N'ton; 7.01b of P-Os /ton

Production system waste application coefficiemi= 0.5, P4.0

Example SuM(@400t12*(11.211)*.5)= 94,080PANIb
SUM(400r12¢(7/1)* 1.0)=117,600lb TP (POs)

Dairy Cow (including dry cows)

Accumulated manure= 17 tons/animallyr

Manure weights= 11.1b of N per ton & 7.0b of POs per ton

Production system waste application coefficient N= 0.5, P=1.0

ExamplesuM@ 750+ 17%(11.21)*.5)= 166,600PANIb
SUM(L75017%(7/1)* 1.0)=208,250lb TP (POs)

Beef Stocker
Accumulated manure= 1.5 tons/animal/yr
Manure weights= 13.0 of N per ton & 8.3b of PGs per ton
Production system waste application coefficient N= 0.5, P= 1.0
Example SUMQO00*1.54(13/1)*.5)= 1,950PANIb

SUM@QO0*1.5¢(8.3/1)* 1.0)=2,490Ib TP (BOs)

Beef Feeder
Accumulated manure= 2.2 tons/animal/yr
Manure weights= 13.0 of N per ton & 8.3b of PGs per ton
Production system waste application coefficient N= 0.5, P=1.0
Example SUMQO00r2.25(13/1)*.5)= 2,860PANIb

SUMQO0*2.2¢(8.3/1)* 1.0)=3,652Ib TP (BOs)

Beef Brood
Accumulated manure= 3 taianimal/yr
Manure weights= 13.0 of N per ton & 8.3b of PGs per ton
Production system waste application coefficient N=0.5, P=1.0
Example SUMB00*3*(13/1)*.5)=9,750PANIb

SUMB00*1.5¢(8.3/1)* 1.0)=12,450lb TP (POs)



Appendix B- Poultry

Poultry numbers based on agriculture statistics available for 1992, 2000, 2006 and 2014 and the
estimated available nutrients produced by county and river basin are presented below. The county
statistics show the Yadkiree Dee and Cape Fear river basséaving the largest poultry populations.
Even though Wilkes County maintains its status of having one the highest poultry populations in the
state over the years, the poultry concentration has shifted from the upper portions of the YRdkin

Dee to thelower portions of the basin. A similar shift has occurred in the Cape Fear Basin with the shift
in poultry numbers from some of the upper counties to the lower basin. The shifts in poultry
concentrations are likely linked to the locations of poultry prebeg plants and the supply demand of
these facilities. Table 7 provides the summarized poultry inventory and percent change between
comparison years for each of the river basins.

In 1992, Union and Wilkes counties each had a poultry inventory over 1@nilhd Duplin, Chatham

and Moore counties each had over 10 million birds; there were also 45 counties with either no birds or
inventory information was not disclosed (Figure 5). Union and Wilkes counties each had over 17 million
birds in 2000 and 19 niidin birds in 2006. Duplin and Randolph counties had over 10 million birds in
2000 and 2006, with 45 counties reporting no disclosed data in 2000 and 36 counties in 2006 (Figures 6
& 7). In 2014, the inventory population of birds dropped collectively indpeour producing counties
although Duplin increased in bird inventory with over 15 million birds and Sampson county became the
third top inventory county with over 11 million birds (Figure 8). Union and Wilkes counties dropped in
inventory numbers fron2006 but still remain in the top four counties with over 15 million in Union and
over 11 million in Wilkes; there were 25 counties with no data. Hyde County is one of the counties that
reported no data because information would disclose information onatie poultry facility that is

permitted for 4.75 million birds. Table 10 provides the estimated poultry inventory for each county and
the 2014 county density of birds per acreage.

Table 7: Summarized Poultry data by Basin

1992 2000 2006 2014 % change % change % change
River Basin Poultry Poultry Poultry Poultry 1992 2000 2006
Inventory Inventory Inventory Inventory! 2014 2014 2014
inventory inventory inventory
(k %) (k %) (k %)
YadkinPeeDee 52,364,000 64,744,000 73,372,000 60,793,600 16 -6 -17
Cape Fear 52,975,000 54,445,000 56,208,000 57,906,600 9 6 3
Catawba 7,458,000 8,028,000 8,040,000 14,283,800 92 78 78
Lumber 2,604,000 4,540,000 6,628,000 12,829,700 393 183 94
Neuse 10,146,400 11,485,000 11,974,700 9,631,500 -5 -16 -20
Roanoke 5,180,000 5,000,000 6,225,000 7,465,000 44 49 20
TarPamlico 9,375,400 8,240,000 7,536,000 6,601,301 -30 -20 -17
Chowan 4,540,000 5,460,000 5,680,000 6,020,000 33 10 6
Broad 1,270,000 1,850,000 2,340,000 5,475,400 331 196 134
Pasquotank 2,380,000 2,280,000 1,680,000 2,100,000 -12 -8 25
White Oak 1,122,000 1,060,000 1,064,000 1,681,300 50 59 58
Other 2,677,000 1,607,000 2,633,300 6,587,600 146 310 150

12014 data does not include rooster inventory.
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Figure 5: 1992 Inventory of Poultry by
County

Figure 6: 2000 Inventory of Poultry by
County

Figure 7: 2006 Inventory of Poultry by
County

Figure 8: 2014 Inventory of Poultry by
County

1992 Poultry County Inventory Estimates
[ ]NoData I 1,000,001 - 5,000,000
| | 1-100,000 I 5,000,001 - 10,000,000
[ 100,001 - 1,000,000 [l 10.000.001 - 18,210,000

2000 Poultry County Inventory Estimates

| No Data I 1,000,001 - 5,000,000
| | 1-100,000 [ 5,000,001 - 10,000,000
[ 100,001 - 1,000,000 [l 10,000,001 - 18,250,000

2006 Poultry County Inventory Estimates 4
[ INoData I 1,000,001 - 5,000,000 ¥
| 1-100,000 [ 5,000,001 - 10,000,000

[ 100,001 - 1,000,000 [l 10.000,001 - 20,130,000

2014 Poultry County Inventory Estimates

[ INoData I 1,000,001 - 5,000,000
[ 11-100,000 [ 5,000,001 - 10,000,000

[ 100,001 - 1,000,000 [l 10,000,001 - 15,790,000
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